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y.JLUE  OF  A  RESIDUE  DBITOCTAgl^  II:  ITS  RSLATIOII  TO  THE 

MHISRAL  COIITENT  OP  A 

Residue  on  Evaporation  is  determined  in  all  labora- 
tories in  which  chemical  analyses  of  waters  are  made.     It  is 
of  value  in  checking  the  mineral  content  in  a  mineral  water 
analysis  and  in  detecting  excessive  mineralization  in  drink- 
ing waters.     In  nearly  all  cases  the  determination  is  made  "by 
evaporating  a  known  volume  of  water  in  a  weighed  platinum  dish. 
The  increase  in  the  weight  of  the  dish  is  the  Residue  on  Evap- 
oration,   Various  laboratories  follow  different  methods  for 
eliminating  the  last  traces  of  water  which  are  present  as  oc- 
cluded water  or  water  of  crystallization. 

HISTORICAL 

A  review  of  the  literature  shows  the  development 
of  many  methods  suggested  by  different  authors. 

C.  B.  Fox*  (1878)  recommended  the  evaporation  on 


Sanitary  examination  of  water,  air  and  food. 
1878.     p.  94.  C.  3.  Fox. 


a  water  bath  of  25  cc.  of  water.     The  dish  is  not  further 
heated,  and  is  weighed  immediately  or  soon  after  evaporation. 


3.  Franklnnd*  (1890)  evaporated  500  oo.  of  water  and 

*\7ater  analysis  for  sanitary  purposes. 

1890.  p.  14.  E.  Frankland. 

heated  the  dish  in  an  oven  at  a  temperature  of  100°C  for  three 
hours  before  weighing, 

J.  A.  Y/auklyn  and  S.  T.  Chapman*  (1891)  evaporated 

*Y/ater  analysis. 

1891.  p.  87.  J.  a.  Y/auklyn  and  B.  3?.  Chapman. 

700  co.  and  heated  the  residue  at  150°C  to  expel  all  water. 
They  set  no  limit  on  the  time  of  heating. 

Tt 

H.  Blucher*  (1900)  evaporated  200  -  250  oc.  and 

*Das  Y/asser.  tt 

1900.    p.  187.        II.  Blucher. 

heated  the  residue  at  100°  -  110°C  for  one  hour.    After  cool- 
ing and  weighing,  it  was  again  heated.    The  heating,  cooling 
and  weighing  was  continued  until  the  difference  in  two  con- 
secutive weights  was  very  slight. 

Henry  Leffman*  (1909)  evaporated  100  cc.  and  heated 

* Examination  of  water. 

1909.    p.  16.  Henry  Leffman. 

the  residue  in  an  oven.    ITeither  time  nor  temperature  is  giv- 
en.   He  also  recommended  that  a  known  amount  of  IIa2C03  he  added 
to  the  water  "before  evaporation  and  that  the  amount  "be  sub- 
tracted from  the  total  residue  found.     In  his  work  he  used  a 
special  form  of  burner  which  has  not  come  into  general  use. 
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Sllen  H«  Richards*  (1900  and  1908)  evaporated 

*(a)  Laboratory  notes  on  Industrial  Water  Analysis* 
1908.    p.  9.  E.  K.  Riohards. 

(b)  _.ir,  Water  and  food. 

1900.    p.  101.      E.  K.  Richards  and  A«  G.  Woodman. 

100  co.  and  dried  the  residue  at  100°  -  110°G  for  two  hours 
before  weighing, 

H.  B.  Stocks*  (1912)  evaporated  5C0  cc.  and  heated 

*Water  analysis  for  sanitary  and  technical  purposes. 
1912.    p.  16.  H.  B .  Stocks. 

the  residue  at  105°0  for  three  hours,     .ifter  the  dish  has 
cooled  and  has  been  weighed,  it  was  again  heated  for  one 
hour.     The  operation  was  continued  until  a  constant  weight 
was  obtained. 

John  G.  Thresh*  (1913)  in  his  new  book,  evaporates 

*The  examination  of  Waters  and  Water  Supplies. 
1915.    p.  325.  J.  G.  Thresh. 

100  cc.  of  the  water,  leaves  the  residue  on  the  bath  for 
twenty- five  minutes  after  dryness,  heats  at  180°  for  one 
hour,  places  in  a  dessicator  and  weighs  after  five  minutes. 
He  claims  this  eliminates  all  the  water  from  GaSO^  and  leaves 
a  definite  amount  of  water  of  crystallization  in  IIgS04. 

"Standard  Methods  of  Water  Analysis"  of  the  American 
Public  Health  Association*  directs  the  evaporation  of  100  cc. 

* Standard  Methods . 

1911.  A*P»S*4« 


-4- 

on  a  water  bath  and  heating:  the  residue  to  103°C  for  one  half 
hour  in  an  oven  surrounded  by  toluene. 

In  the  Illinois  State  V/ater  Survey  laboratory*  100  oo. 

*Illinois  State  V/ater  Survey  Bulletin, 
HO,  4.     p.  31. 

is  evaporated  on  a  water  bath  and  the  residue  heated  to  180° 
for  one  hour  in  an  oven. 

The  U.  S.  Geological  Survey*  evaporates  500  oc.  of 

*  V/ater  Supply, 

Paper  236,  Part  I.    p.  13. 

water  and  heats  the  residue  to  180°  for  one  hour  before  cool- 
ing and  weighing, 

Fresenius*  recommends  heating  the  residue  to  180° 

♦Quantitative  chemical  analysis,     (Trans.  6th  German  edition} 
Vol.  II.    p.  245.     1904.  Fresenius. 

till  the  weight  is  constant, 

A  comparison  of  these  methods  shows  that  the  tem- 
perature of  heating  varies  from  100°  -  180® G.     These  chemists 
who  use  the  higher  temperature  claim  that  water  remains  in 
residues  heated  only,  slightly  above  100°G.     Those  who  use  low 
temperatures  claim  there  is  decomposition  of  some  salts  at  the 
higher  temperatures. 

All  residues  contain  mineral  matter  and  possibly  or- 
ganic matter.     Since  the  Massachusetts  State  Board  of  Health* 


*Report  of  Mass.  State  Board  of  Health. 

Vol.  II.    p.  715.  1890. 


has  studied  the  effect  of  ignition  on  residues,  quite  fully,  it 
is  not  our  intention  to  study  this  part  of  the  subject,  "but  onl; 
to  take  up  that  part  which  concerns  the  residue  on  evaporation. 

If  the  residues  are  heated  only  to  105°  -  110°Ct  the 
organic  natter  is  praotioally  unchanged.     If  it  is  heated  to  a 
higher  temperature,  it  is  volatized,  charred  or  burned.  In 
many  waters,  however,  there  are  only  traces  of  organic  natter 
and  it  does  not  materially  affect  the  residues, 

?. .  3.  Dole*  conpares  the  mineral  content  of  more  than 

*V/ater  Supply. 

Paper  236,    Part  I.    p.  31. 

800  waters  with  the  residues  obtained  by  heating  at  180° C. 

He  says  the  errors  tend  to  neutralize  one  another p  giving  an 

apparent  agreement  between  the  residues  and  mineral  content. 

His  comparative  table  is  as  follows: 

DISSOLVED    SOLIDS  Average 

Hot  less  than         Less  than  Difference 

(plus  or  minus) 

~~    50    4 

50    100    5 

100    200    5 

200    300    6 

300    400    9 

400    1000    25 

1000        60 

Dole  makes  the  following  comments:    "The  residue  is 

higher  in  more  than  ninety  per  cent    of  the  analyses,  which 

shows  the  presence  of  organic  matter  and  undetermined  constit- 
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uents.     In  waters  containing  below  200  parts  per  million  of 
mineral  constituents,  an  error  of  10  parts  per  million  in  ex- 
cess of  the  sum  of  the  constituents  is  unusual  and  suggestive 
of  error.    V/Tiile  for  waters  containing  above  500  parts  per 
million  of  mineral  constituents,  an  error  of  10  to  15  parts 
is  not  uncommon.    This  increase  in  error,  due  to  the  increase 
in  mineral  content,  is  partially  due  to  the  occlusion  of  or- 
ganic matter  by  the  relatively  large  quantity  of  mineral  matter. 

A  study  of  550  analyses  of  the  mineral  content  made 
in  the  laboratories  of  the  State  Water  Survey  shows  a  similar 
relation  of  the  mineral  constituents  to  the  residue  on  evapora- 
tion.   The  difference  increases  as  the  amount  of  residue  in- 
creases.   A  comparative  table  is  as  foll07/s: 

DISSOLVED    SOLIDS  Average 

Hot  less  than       Less  than  Difference 

(plus  or  minus) 

0    300    7 

300    400    10 

400    500   ..  11 

500    600    9 

600    SCO    16 

800    1000    19 

1000    2000    23 

2000    8000    26 

L'he  largest  differences  occur  with  the  largest  res- 
idues.   The  largest  differences  also  occur  when  the  residues 
are  greater  than  the  sum  of  the  mineral  constituents  found. 
Since  the  differences  due  to  soluble  organic  matter  are  never 
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very  large,  the  excessive  differences  are  probably  due  to  water. 

The  work  described  in  this  paper  was  undertaken  for 
the  purpose  of  determining-  whether  the  residues  retain  more  wa- 
ter when  heated  to  only  103°C;  whether  certain  substances  re- 
tain water  of  crystallization;  and  what  is  the  best  temperature 
to  be  used  in  determining  the  residue  on  evaporation, 

TEE  PROPERTIES  0?  THE  MINERAL  CONSTITUENTS  POUND  IN  WATERS 

The  following  salts  are  found  in  appreciable  quantities 

in  mineral  waters:  - 

NaNOs  Mg(NOs)2  Ca(NOaU 

NaCl  MgGls  CaCls  SiOs 

,    Na*SO*  MgSO*  CaSO*  AleOs 

Na2C03  MgCOs  CaC03  FesOs 

Salts  of  potassium  are  not  included  in  the  above  list, 
since  potassium  is  usually  present  in  small  quantities,  less 
than  1/10  of  the  sodium.    The  salts  of  Li,  Mn,  Is,  Brs,  etc, 
are  excluded  because  they  are  not  often  present,  or  if  present, 
it  is  in  such  small  quantities  that  they  do  not  produce  a  sig- 
nificant error.    The  salts  of  iron  are  omitted  for  mineral  wa- 
ters containing  large  quantities  of  iron  are  uncommon  and 
should  be  studied  separately. 

Whether  the  residue  heated  to  various  temperatures 
will  contain  water,  may  depend  to  a  considerable  extent  on 
certain  properties  of  the  individual  salts  described  below. 
SODIUM  SALTS 

Sodium  nitrate  crystallizes  with  seven  molecules  of 
water  at  low  temperatures.    When  it  is  dried  at  ordinary  tem- 
peratures, it  loses  all  its  water  of  crystallization,  becom- 
ing anhydrous.    The  anhydrous  salt  is  very  deliquescent. 
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Sodiura  chloride  may  be  crystallized  as  the  hydrate d 
salt  at  a  low  temperature,  "but  ordinarily  it  crystallizes  in 
anhydrous  cubes*,  which  often  contain  a  large  amount  of  occluded 

*Chemioal  Ifews. 

35,  17.  S.Bevan. 

water.     This  occluded  water  causes  decrepitation  on  heating. 

Sodium  sulfate  crystallizes  with  10  molecules  of 
water  below  35°C.  At  33°C  it  loses  all  but  one  molecule.  When 
the  temperature  is  raised  it  gradually  loses  the  last  molecule, 
becoming  anhydrous,  The  solubility  of  this  salt  decreases  with 
a  rise  in  temperature  above  33°C,  but  a  supersaturated  solution 
is  of  very  common  occurrence. 

Sodium  carbonate  crystallizes  at  low  temperatures 
with  10  molecules  of  water.    At  34°C  it  melts  and  recrystallizes 
with  two  molecules  of  water.     If  the  temperature  is  raised  it 
loses  all  of  its  water.     Other  hydrates  5H20  and  7H20  may  be 
formed,  but  do  not  exist  at  ordinary  temperature.    A  monohydrate 
separates  from  a  boiling  saturated  solution  in  water.  V.lien 
heated  slightly  above  100°C,  dry  heat,  it  loses  all  its  water. 
MAG2TBSIUI1  SALTS. 

Uagnesium  nitrate  crystallizes  in  deliquescent  mono- 
clinic  crystals  with  six  molecules  of  water.    Five  molecules  of 
this  water  are  removed  by  heating  to  330°.     The  remaining  mol- 
ecules are  not  removed  until  the  substance  is  fused  to  I%0« 
3inbrodt*  states,  however,  that  the  I.Ig( U03 ) 2 •lHgO  does  not  exist 

*Liebigs  Annels  der  Ghemie. 

65,  115.  Paul  Einbrodt. 
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but  that  the  acid  "begins  to  volatilize  before  such  a  hydrate  is 
reached. 

Magnesium  chloride  usually  crystallizes  with  six  mole- 
cules of  water.     It  is  very  deliquescent.    When  heated  it  de- 
composes, giving  off  HC1.     The  temperature  of  decomposition  is 
very  low,  beginning  at  125°. 

Magnesium  sulfate*  crystallizes  with  seven  molecules 


*Jour.  Chem.  Society  of  London. 

37,  102.  Thorpe  and  Watts. 

47,  100.         S.  U.  Pickering. 

of  water  (MgS047H20)  and  with  six  molecules  of  water  (Mg3046H2Q). 
The  latter  is  formed  on  crystallizing  above  40°  while  the  form- 
er is  formed  below  40°.    Both  lose  part  of  their  water  at  150°, 
becoming  MgS04.lH20.    The  last  moleoxile  requires  a  temperature 
of  280°  -  300°  for  its  removal. 

Magnesium  carbonate  crystallizes  with  three  molecules 
of  water  when  a  solution  evaporates  spontaneously.    When  a  so- 
lution is  boiled  the  complex  hydrate  4MgC03.2Mg(0H)2.4R20  sep- 
arates out.     The  natural  crystalline  carbonate  exists  as  MgC03. 
CALCIUM  SALTS • 

Calcium  nitrate  crystallizes  with  four  molecules  of 
water  (Ca(N03)2.4H20) .    When  a  solution  containing  calcium  ni- 
trate is  evaporated,  the  anhydrous  salt  is  obtained. 

Calcium  chloride*  crystallizes  in  hexagonal  prisms 
below  22°  as  CaCl2.6H20,  but  it  melts  at  28°  losing  one-third 


*Jour.  Chem.  Soc.  London.         45,  268. 
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of  its  winter  of  crystallization,  becoming  GaCl2.4H20.  This 
loses  water  gradually  until  200° ,  when  a  definite  compound 
CaCl2.2H20  is  obtained.    Y/eber*  says  that  CaCl2.6H20  dried  at 


♦Berichte.  15 t  2316.  A.  Weber. 

180°  -  200°  contains  only  0,2$  of  water. 

Calcium  sulfate  crystallizes  with  two  molecules  of 
water.    It  loses  three-fourths  of  this  at  100°  -  120°,  becom- 
ing 20aS04.H20.    The  remainder  of  the  water  is  not  completely 
driven  off  until  a  temperature  of  200°  -  250°  is  reached. 

Calcium  carbonate  has  five  molecules  of  H20  at  or- 
dinary temperatures.    At  100°,  it  becomes  CaC03H20.     The  last 
traces  of  water  are  driven  off  at  200°  -  250°.     The  natural 
crystalline  carbonate  exists  as  CaC03» 

Sodium  nitrate,  sodium  chloride,  and  sodium  carbonate 
are  anhydrous  when  heated  at  100 °C.    Crystalline  magnesium  ni- 
trate, magnesium  sulfate,  calcium  chloride  and  calcium  sulfate 
are  not  anhydrous  even  when  heated  at  180°.    Magnesium  chloride 
decomposes  when  heated  at  temperatures  about  125°C. 

EXPERIMENTAL 

In  order  to  determine  the  effect  of  the  individual 
salts  on  the  residue  determinations,  each  salt  which  occurs 
commonly  in  waters  was  added  to  a  water  of  known  residue.  The 
residues  were  then  determined  and  the  difference  of  the  above 
residues  should  be  equal  to  that  amount  of  material  which  was 
added.    Each  compound  was  added  separately  and  in  varying  quan- 
tities as  the  preliminary  determinations  suggested.    In  this 
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way  tables  were  prepared  from  each  compound,  showing  the  effect 
of  that  compound  in  varying  amounts  on  the  determination  of  the 
residue. 

The  water  used  in  these  experiments  contained  a  high 
mineral  content.     It  was  obtained  by  mixing  several  natural  wa- 
ters together.    Some  of  these  were  high  carbonate,  some  alkali, 
while  others  were  sulfate  waters.     The  clear  water,  obtained 
by  filtering  off  the  insoluble  matter,  was  used  for  the  water 
of  known  residue. 

The  residues  were  determined  by  evaporating  100  cc. 
of  water  on  a  steam  bath.    The  dishes  used  were  flat  bottomed 
platinum  dishes  of  125  cc.  capacity.     The  time  of  evaporation 
was  about  one  and  one-half  hours.    The  dishes  were  left  on  the 
water  bath  about  fifteen  minutes  after  visible  signs  of  water 
had  disappeared.    Three  methods  of  treatment  were  then  carried 
out.    First,  the  residue  was  weighed  directly  after  evaporation. 
Second,  the  residue  was  weighed  after  it  had  been  heated  at 
103°  -  105°C  for  one  hour  in  a  Freas  electric  oven.  Third, 
the  residue  was  weighed  after  it  had  been  heated  one  hour  at 
180° .    In  each  case  the  dishes  were  allowed  to  stand  for  one 
hour  in  a  CaCl2  or  H2S04  dessicator,  depending  upon  the  deli- 
quescence of  the  residue,  before  weighing.    The  increase  in  the 
weight  of  the  dishes  was  the  residue  as  determined. 

The  order  of  study  of  the  different  compounds  was: 
first,  sodium  salts;  second,  magnesium  salts;  and  third,  cal- 
cium salts.    In  each  group  the  nitrate,  chloride,  sulfate  and 
carbonate  were  studied  consecutively  in  the  order  given. 
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Sodlum  nitrate  and  sodium  chloride  "become  anhydrous 
at  ordinary  temperatures .    Hence,  they  can  have  no  effect  on 
the  residue  determination.    For  this  reason  no  experiments 
were  made. 

Sodium  sulfate  retains  water  of  crystallization  at 
temperatures  above  100°C.     The  effect  of  Ea2S04  on  residues 
was  determined  "by  adding  varying  amounts  of  Ua2S04  to  different 
dishes  containing  100  cc.  of  a  water  of  known  residue.  The 
residue  of  each  dish  contained  the  residue  from  100  cc.  of  wa- 
ter plus  the  residue  of  the  HagSO^  added.     The  dishes  were 
weighed  after  evaporation,  after  heating  at  103°C  for  one  hour 
and  after  heating  at  180°  for  one  hour.    The  results  are  given 
in  Table  I.    The  amount  of  Ua2S04  in  the  residue  varied  from 
0  to  9,000  pts.  per  rail,  in  steps  of  1,000  parts  each.  The 
difference  between  the  theoretical  and  determined  residues  at 
100°  just  from  the  water  bath,  does  not  suggest  any  combined 
water.    There  is  an  increase  in  difference  with  an  increase  in 
residue,  but  it  is  not  proportional.    The  average  difference  is 
104.0  pts.  per  mil.    The  difference  when  heated  at  103°  for 
one  hour  is  smaller  than  that  at  100°.     The  average  is  6.6  pts. 
per  mil.    The  difference  when  heated  at  180°G,  as  shown  in  the 
tables,  is  still  smaller  than  when  heated  at  103°C.     The  aver- 
age is  4.5  pts.  per    mil.    The  effect  of  Ha2S04  in  a  residue 
when  heated  to  103°  or  to  180°  is  small.     There  is,  however,  a 
slight  advantage  in  favor  of  heating  at  180°. 

Sodium  carbonate  retains  water  of  crystallization  at 
temperatures  slightly  above  100°.     In  order  to  test  the  effect 
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of  sodium  carbonate  on  residues,  different  quantities  of  Ua2C03, 
varying  from  1000  to  6000  pts.  per  mil.,  were  added  to  separate 
dishes  containing  100  oo«  of  a  water  of  "known  residue.     The  re- 
sults are  given  in  Table  II.    The  differences  as  shown  in  the 
column  under  100°  are  very  large,  yet  there  is  no  evidence  of 
water  of  crystallization.     This  difference  is  smaller  v/hen  the 
residues  are  heated  at  103c .     On  heating  the  residues  at  180° 
for  one  hour,  the  maximum  difference  becomes  7.0  pts.  per  mil., 
the  average  being  3.0  pts.  per  mil.     This  is  an  unusually  small 
difference  considering  the  high  residue.    The  residues,  when 
heated  to  180°,  are  more  nearly  equal  to  the  mineral  content. 

Llagnesium  nitrate  retains  water  of  crystallization 
at  temperatures  above  100CG.    A  series  of  residues  7/as  deter- 
mined with  varying  amounts  of  this  compound  similar  to  those 
of  the  sodium  salts.     The  residues  are  more  nearly  equal  to 
the  mineral  content  when  the  residues  are  heated  at  180°  and 
7/hen  the  residues  from  water  containing  less  than  150  pts. per  mil. 
Mg(1103)2  are  heated  to  103°.     The  results  are  given  in  Table  III. 

Llagnesium  chloride .  —  Two  series  of  residue  deter- 
minations were  made  to  determine  the  effect  of  ITgCl2  on  the  res- 
idue.   One  was  made  by  adding  varying  amounts  of  MgCl2  to  a  wa- 
ter with  a  known  residue  and  then  determining  the  residue.  The 
other  was  made  by  adding  varying  amounts  of  both  HgCl2  and  Ua2C03 
to  the  water  before  determining  the  residue.     The  results  are 
given  in  Tables  IV  and  V.     The  effect  of  i^gCl2  alone  is  very 
noticeable.    Especially  is  this  so  when  the  residue  is  heated 
at  180°.     This  is  due  to  the  decomposition  of  I%G12  amd  water 
into  MgO  and  HG1.     The  hydrochloric  acid  escapes  causing 
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the  residue  to  "be  extremely  low. 

When  Ua2CQ3  is  added,  the  residue  determinations  are 
much  better.     There  is  still  a  difference  due  to  decomposition, 
when  the  residues  are  heated  at  180°.     The  residues,  as  given, 
come  closest  to  the  mineral  content  when  they  are  heated  at 
105°.     The  differences  increase  very  much  when  the  content  of 
MgCl2  present  is  above  800  pts.  per  mil.     The  adding  of  Ha2C03 
causes  the  following  reaction  to  take  place: 

HgCl2  *  Na2C03  ~»    21IaCl  +  MgC03. 
This  prevents  the  escape  of  HC1  formed  by  the  action  of  water 
on  LlgCl2;  but  it  produces  an  error  due  to  the  presence  of 
MgC03.     This  error,  as  shown  later,  amounts  to  3.2  per  cent,  of 
the  total  amount  of  MgC03  present. 

Magnesium  sulfate  retains  water  of  crystallization 
at  temperatures  above  100°G.    The  method  used  for  the  deter- 
mination of  the  effect  of  magnesium  sulfate  on  residue  was  sim- 
ilar to  that  used  for  sodium  sulfate.     The  results  are  given 
in  Table  VI. 

The  residues  are  more  nearly  equal  to  the  mineral 
content  when  the  residues  are  heated  at  180°  and  when  the  re- 
sidues from  waters  containing  less  than  600  pts.  per  mil.  of 
IJgS04  are  heated  at  103°C. 

Magnesium  Carbonate  separates  from  solutions  as 
(2%G03.Mg(0h)2.H20)x.    The  normal  carbonate  (MgG03  with  or 
without  water  crystallization)  can  not  be  prepared  from  a  so- 
lution of  magnesium  carbonate  in  water.    This  basic  carbonate 
(2LIgC03.Mg(0ii)2.H20)x  is  always  formed.    It  has  a  definite  com- 
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position.     The  error  in  residues  caused  by  the  magnesium  car- 
bonate is,  3.2  per  oent.  of  the  M£;QQ3  present,  less  than  the 
true  mineral  content. 

Calcium  nitrate  does  not  retain  water  of  crystalliza- 
tion at  temperatures  above  100°.     It  can  have  no  effect  on 
the  residue  determination. 

Calcium  chloride  retains  water  of  crystallization  at 
temperatures  above  100°C.    A  series  of  residue  determinations 
similar  to  those  previously  made  for  KagSO^  was  made  after  cal- 
cium chloride  had  been  added  to  the  water.     (See  Table  VII). 
The  results  as  seen  in  the  table  show  that  the  difference  in 
nearly  all  of  the  residues  are  beyond  the  limit  of  experimental 
error.     There  is  an  increase  in  the  differences  with  the  in- 
crease in  residue.    This  difference  is  not  uniform  and  does  not 
correspond  to  any  definite  hydrate.    The  experimental  error 
with  CaClo  is  very  great  on  account  of  its  deliquescent  proper- 
ties.   This  difference  is  smallest  when  the  residue  is  heated 
at  180°C.     The  error  due  to  moisture  absorbed  is  undoubtedly 
large. 

Calcium  sulfate  retains  water  of  crystallization  at 
temperatures  above  100°C.     The  method  of  determining  the  ef- 
fect of  CaSO^  on  residues  was  analagous  to  that  used  in  the 
study  of  Ha2S04.     The  results  are  shown  in  Table  VIII,  The 
differences  between  the  residues  and  the  mineral  content  are 
small  when  heated  at  180°. 

Calcium  carbonate  does  not  retain  water  of  crystalli- 
zation at  temperatures  above  100°.     It  usually  exists  without 
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water.     It  is  dissolved  as  the  acid  carbonate  and  on  the  expul- 
sion of  the  free  C02,  it  becones  anhydrous  calcium  carbonate. 
It  does  not  produce  an  error  in  the  residue  determination. 

RESULTS 

On  investigation  these  results  we  find  that  there  is 
not  a  large  difference  between  the  Residues  found  and  the  min- 
eral content  caused  by  Ha2S04  (Table  I)  or  IIa2C03  (Table  II J, 
even  if  the  amounts  of  these  substances  reaches  6,000  pts.  per 
mil.    The  difference  caused  by  Ea^O^  when  the  residues  are 
weighed  without  heating  are  large,  while  the  differences  caused 
caused  by  Ua2C03,  when  the  residues  are  not  heated,  are  not 
large.    There  is,  however,  a  3light  advantage  in  heating  the 
residues  containing  Ha2S04  or  Ua2G03  at  180° ♦ 

Magnesium  chloride  (Table  IV)  is  capable  of  produc- 
ing a  difference  between  the  residue  and  the  mineral  content. 
This  difference  is  exceedingly  large  when  the  residue  is  heated 
at  180°.    The  best  results  are  obtained  when  the  residue  is 
heated  at  103°.     Sodium  carbonate  (Table  V)  when  added  to  a  wa- 
ter containing  UgCl2  before  the  residue  is  determined  decreases 
the  differences  very  much  when  the  residues  are  heated  at  180°. 
The  difference  when  the  residues  are  heated  at  103°  is  not 
changed.    The  residues  of  waters  containing  magnesium  chloride 
should  never  be  heated  above  120c  unless  sodium  carbonate  is 
added  to  the  water.     The  only  advantage  gained  by  adding  Ha2C03 
is  the  ability  to  heat  to  180°  without  having  a  large  increase 
in  the  difference. 

Calcium  chloride  (Table  VII)  is  capable  of  producing 
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a  large  difference  in  all  the  residues  except  those  which  are 
heated  at  180°.     Of  these,  those  with  a  content  of  CaCl2  less 
than  1000  pts.  per  mil,  have  the  smallest  difference.     The  dif- 
ferences are  partly  due  to  the  deliquescence  of  CaCl2.  When 
large  quantities  of  CaCl2  occur  in  water,  the  residues  should  be 
heated  at  180°.    Residues  containing  small  quantities  of  CaCl2  may 
be  heated  at  103°  with  only  a  small  variation  from  the  mineral 
cont ent. 

Magnesium  nitrate  (Table  III)  is  capable  of  producing 
a  large  difference  in  the  residues  when  the  residues  are  weighed 
without  heating  above  100°.    When  the  residues  are  heated  at 
103°  the  differences,  of  the  residues  containing  less  than  150 
pts.  per  mil.  Mg(lT03)2,  are  small.    In  residues  containing  a 
higher  content  of  !Jg(H03)2  the  differences  are  large.    When  the 
residues  are  heated  at  lbOv  the  differences  are  small.    The  res- 
idues are  almost  equal  to  the  mineral  content  of  a  water  when 
the  residue  is  heated  at  103°  for  waters  containing  less  than 
140  pts.  per  mil.  Mg(U03)2  and  when  the  residue  is  heated  at 
150°  for  waters  containing  any  amount  of  I*Ig(E03)2» 

Magnesium  sulfate  (Table  VI)  might  cause  a  large  dif- 
ference between  the  residues  and  the  mineral  content  when  the 
residues  are  not  heated  above  100° .    When  the  residues  are 
heated  at  103°  the  difference  is  small  if  the  content  of  MgS04 
is  below  600  pts.  per  mil.    A  larger  content  of  MgS04  produces 
a  much  larger  error.    When  the  residues  are  heated  at  180°,  the 
difference  is  small. 

Calcium  sulfate  (Table  VIII)  does  not  cause  a  large 
difference  between  the  residues  and  the  mineral  content.  The 
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difference  when  the  residue  is  weighed  without  heating  above  100° 
is  66,0  pts.  per  mil.  maximum  and  39,4  average.    When  heated  at 
103°  the  maximum  is  46.0  with  an  average  of  30.4.     The  differ- 
ence is  diminished  still  farther  when  the  residue  is  heated  at 
180°;  the  maximum  being  10.0  with  an  average  of  6.9  pts.  per 
mil.    The  smallest  difference  is  found  when  the  residues  are 
heated  at  180°.    When  the  residues  axe  heated  at  103°  and  at 
100°  the  differences  are  not  excessive. 

It  is  noticeable  that  in  all  the  residues  of  some- 
what low  mineral  content  (varying  from  100  to  1000  pts.  per 
mil.  each)  the  difference  between  the  residue  and  the  miner- 
al content  when  the  residue  is  weighed  immediately  after  evap- 
oration is  almost  zero.     This  is  contrary  to  that  which  was 
expected.    In  referring  to  the  properties  of  the  different 
mineral  constituents  we  see  that  most  of  them  have  a  tenden- 
cy to  form  supersaturated  solutions.    The  area  of  the  bottom 
of  the  dishes  used  for  the  determination  of  the  residues  was 
about  50  square  centimeters.     Consider  a  water  to  have  a  res- 
idue of  2000  pts.  per  mil.f  which  is  above  the  average.  On 
evaporating  this,  evaporation  takes  place  from  the  top.  The 
solubility  of  the  mineral  constituents  at  100° ,  the  tempera- 
ture of  the  bath,  is  high.     They  are: 


IIa2C03    5000  gms.  per  liter. 

Ua2S04    2000  n        n  ii 

UaCl    400  ■        ■  " 

UalTOg    1800  n        n  n 

HgS04    3300  n        n  * 

MgCl2    3300  "        n  n 

Mg(l!03)2   580  "        n  n 

CafSO.i)    i#e  w        »  rr 

CaCl,    6600  *-••-« 
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The  solubility  of  those  compounds  which  retain  water 
of  crystallization  at  high  temperatures  is  high.    I^SO*  is 
the  least  soluble  of  these  occurring  frequently  in  waters.  If 
in  the  water  of  2000  pts.  per  mil.  residue  there  is  1000  parts 
Na2S04,  then  the  volume  of  water  necessary  to  dissolve  100  mil- 
ligrams (the  water  used  in  residue  determinations,  100  cc.) 
equals : 

1000  X  0.1  nK  nn 
  —    .Oo  cc. 

£000 

Since  the  area  of  the  dish  is  50  sq.  c.  m. ,  the 

.05 

depth  of  the  solution  in  the  dish  must  be  — ^    =    0.001  c.  m. 
before  any  of  the  mineral  constituents  can  crystallize.     If  the 
tendency  to  form  super-saturated  solutions  is  also  considered 
with  the  non-stirring  of  the  solution,  it  is  evident  that  the 
conditions  are  very  unfavorable  for  the  crystallization  of  the 
mineral  constituents,    -is  the  mineral  content  of  a  water  in- 
creases, then  the  volume  of  water  required  for  solution  is  larg 
er.    This  increases  the  conditions  favorable  to  crystallizing. 
It  is  shown  by  the  results  in  all  the  tables.    _s  the  mineral 
content  increases,  likewise  the  difference  between  the  residue 
and  the  mineral  constituents  increases.    It  is  also  shown  in 
Tables  III,  VI  and  VII  when  heated  to  105°;  and  Tables  I,  III, 
IV,  VI t  VII  and  VIII  when  the  residues  are  not  heated  above 
100eC.    These  differences  disappear  when  the  residue  is  heated 
at  180° ♦     This  increase  in  difference,  due  to  the  water  of  crys 
tallization,  occurs  only  when  the  mineral  content  is  very  high. 
For  all  average  waters  the  mineral  content  is  below  that  suit- 
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able  for  crystallizing,  llenoe,  there  should  seldom  be  found  any 
water  of  crystallization  in  residues  of  ordinary  waters. 

CONCLUSION 

Residues  when  heated  at  105°  for  one  hour  do  not  dif- 
fer from  the  sum  of  the  mineral  constituents ,  if  the  content  of 
IJgSO^  is  not  above  600  pts.  per  mil.,  and  if  the  content  of 
%(N03)2  is  not  above  150  pts.  per  mil.  and  if  the  content  of 
CaClo  is  not  above  400  pts.  per  mil.    The  content  of  other  min- 
eral constituents  can  vary  in  almost  any  proportion.    MgGlz  is 
included  in  the  latter.    Waters  containing  large  quantities  of 
MgCl2  should  never  be  heated  to  180°  unless  Na2C03  is  added  to 
the  water  before  evaporation.    The  residues  from  water  high  in 
mineral  constituents  should  be  heated  one  hour  at  180°  for  cor- 
rect results. 

All  residues  should  be  left  on  the  water  bath  for  at 
least  fifteen  minutes  after  visible  dryness,  in  order  to  as- 
sure complete  dryness.    If  there  is  not  complete  dryness,  then 
on  removing  the  dish  from  the  bath,  the  dish  cools  slightly, 
which  is  enough  to  let  some  of  the  mineral  constituents  crys- 
tallize.    This  will  make  an  error  in  the  residue  determination. 

Sodium  carbonate  should  be  added  to  waters  high  in 
MgClg  before  determining  the  residue,  if  the  residue  is  heated 
above  125°. 

For  waters  high  in  mineral  constituents,  the  residues, 
when  heated  one  hour  at  150°  -  180°C,  are  nearly  equal  to  the 
sum  of  the  mineral  constituents. 
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SUGGESTIONS  FOR  PUETHBB  IDVESTIGATIOII. 

The  investigation  of  this  subject  suggests  that  it 
should  be  continued  along  the  following  lines:  - 

To  determine  the  amount  of  water,  whether  occluded 
water  or  water  of  crystallization,  retained  by  each  salt. 
This  can  be  determined  by  evaporating  the  same  quantity  of  wa- 
ter containing  varying  amounts  of  each  salt. 

To  determine  the  ability  of  each  salt  to  hold  wa- 
ter of  crystallisation  on  evaporation.     This  can  be  determined 
by  evaporating  varying  quantities  of  a  water  containing  the 
same  amount  of  each  salt. 

To  determine  the  concentration  of  each  salt  which 
will  retain  water  of  crystallization  in  the  residue. 

To  determine  the  amount  of  water,  and  the  ability 
of  holding  water,  in  residues  obtained  from  waters  containing 
the  different  iron  salts.    This  can  be  determined  by  evapora- 
ting the  solution  of  each  iron  salt  separately  and  in  varying 
quantities. 
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